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Abstract 
The Northern Saw-whet Owl (Aegolius acadicus) is a small species of migratory owl 
native to North America. Through an analysis of research conducted at Liberty 
University’s Camp Hydaway in the Piedmont of Virginia as well as comparison studies at 
owl netting stations in the mountains and the coastal plain, it was shown that the Northern 
Saw-whet migrates along consistent routes southward while the timing and frequency of 
the migration varies by several days based on sex, age, owl population fluctuations, 
weather, and the owls’ physical health. Several years’ worth of owl capture data were 
compiled from stations across Virginia to develop an accurate picture of fluctuations 
within an otherwise consistent migration pattern. 
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Northern Saw-whet Owls: A Descriptive Look at Their Anatomy, Behavior, and 
Migration 
Introduction 
The Northern Saw-whet Owl, Aegolius acadicus, is a species indigenous to North 
America (Bowman et al 2010). Like many bird species, it is known to migrate to the 
South during the winter season and return to the North during the spring (Smith et al 
2012). The Northern Saw-whet Owl is one of the smallest owls weighing only about as 
much as an American Robin (Rasmussen et al 2008). The male owls are roughly eighteen 
to twenty centimeters in length and weigh about seventy-five grams while the females are 
only slightly bigger at twenty to twenty-one and a half centimeters and weighing about 
one hundred grams (Rasmussen et al). The owls are fully feathered all the way down to 
their talons, have a large round face and facial disk, and are unusual in that they do not 
have the ear tufts that are common to many owls (Rasmussen et al). The saw-whet is 
mostly light brown with streaks of white on the neck and crown and spots of white on the 
back, wings, and tail; on the underside, the owl is mostly white with large bands of brown 
(Rasmussen et al). The tail is short; the eyes are yellow; and the beak is dark with a band 
of dark feathers above the beak and between the eyes (Rasmussen et al). 
 The diet of the Northern Saw-whet Owl varies slightly based on the specific 
habitat of the individual owl. Anything from small mammals, to birds, to insects and 
other invertebrates have been shown to fall prey to the saw-whet (Rasmussen et al 2008). 
Specific mammals chosen by the owls include deer mice, voles, red-backed voles, 
shrews, shrew-moles, pocket-mice, harvest-mice, bog lemmings, heather voles, red tree 
voles, jumping mice, house mice, and juveniles of pocket-gophers, squirrels, and 
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chipmunks (Rasmussen et al). Birds that have been noted as prey include the Northern 
Pygmy-Owl, Winter Wren, Ruby-crowned Kinglet, Hermit Thrush, American Robin, 
Yellow-rumped Warbler, Northern Cardinal, Rock Dove, Pine Siskin, and sparrows 
(Rasmussen et al). Insects and invertebrates chosen as a meal include beetles, 
grasshoppers, spiders, amphipods, and isopods; however, these are more likely to be 
eaten along the coastal regions (Rasmussen et al). 
 In Virginia, the Northern Saw-whet Owl has been closely observed to better 
understand its in-state breeding practices. The breeding data began on March 29, 1989, 
with the discovery of the first documented saw-whet nest in Virginia’s Russell County 
several miles south of Laurel Bed Lake (Pagels and Baker 1997). The nest contained two 
eggs and fresh sightings of a prey animal presumably killed by the owl; however, when 
the nest was visited one month later, the eggs were destroyed and presumed eaten (Pagels 
and Baker). The first successful breeding attempt was reported on March 13, 1995, in 
Highland County, Virginia, in the Laurel Fork area within George Washington-Jefferson 
National Forrest (Pagels and Baker). Subsequently, juvenile saw-whets have been seen 
during summer months in the Mountain Lake region of Giles County and in Bridgewater 
in Rockingham County on June 20-22, 1990, and July 7, 1987, respectively (Pagels and 
Baker). 
 In both the successful and unsuccessful breeding observations, the habitat was 
quite similar. Both were forested regions with a roughly ten percent openness; the only 
difference being that the successful breeding habitat was approximately sixty meters 
higher in elevation that the unsuccessful habitat (Pagels and Baker 1997). Breeding 
habitat can have an impact on migratory patterns. Owls whose breeding habitat is further 
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north have been observed migrating south during winter months while some owls in 
middle latitudes can remain in their breeding habitats year-round (Mueller and Berger 
1967). 
While the Northern Saw-whet can live in forests and woodlands of all kinds, it 
appears to thrive in coniferous forests at higher elevations (Rasmussen et al 2008). Saw-
whets have been found in boreal and hardwood forests throughout the northern U.S. and 
southern Canada with some inhabiting high parts of the Rockies and Appalachians 
(Rasmussen et al). In recent years, saw-whets have been observed on the Mingan 
Terraces of Quebec, extending the already far-ranging bird up to 50º North latitude 
(Buidin et al 2006). 
While migrating or wintering, the owls become even more flexible in their habitat 
selection, settling for roosts in varying altitudes, vegetation levels, and zones of 
urbanization (Rasmussen et al 2008). The most important aspects of the habitat for the 
owls are the presence of dense vegetation and perches (Rasmussen et al). Specifically, the 
owls appear to select for dense vegetation for use as protective cover (Mumford and Zusi 
1958). Within a forest, their preferred nest is in a snag, a standing dead tree, which has 
been carved out by either natural elements or other birds (Groce and Morrison 2010). 
However, besides that, the saw-whets of North America vary widely on habitat choices 
based on regional distributions and availability (Brittain 2008). In short, the saw-whet 
will be picky if it can be, but can adapt easily to less-than-ideal conditions.  
 There are stations all across the U.S. and Canada devoted to catching, banding, 
and tracking the saw-whet owl for the purpose of better understanding the lifespan and 
migration habits of these animals. A banding station in Maryland tracked the owls at 
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Assateague Island National Seashore (Brinker et al 1997). A Cape May, New Jersey 
station documented large numbers of migratory saw-whets (Duffy and Kerlinger 1992). 
Banding stations have tracked owls from Nova Scotia down into the southeastern parts of 
the United States (Holroyd and Woods 1975). There are even some records of the owl’s 
range extending into Florida (Holroyd and Woods). While some tracking has existed for 
decades, widespread tracking and banding did not begin until the late 1990s (Smith et al 
2012). Stations in the West, New England, Pennsylvania, Maryland, West Virginia, and 
Virginia all share data and follow similar practices in capture and analysis of the birds. 
The study of Northern Saw-whet Owls in Virginia takes into account the location of their 
migration. Three main areas have been studied: the mountain area along the Blue Ridge 
Parkway starting in 2001, the Piedmont area through central Virginia starting in 2002, 
and the Virginia coast starting in 1996 (Smith et al). 
Like many birds, Northern Saw-whet Owls migrate southward as the winter 
months approach and tend to follow similar migration paths throughout their lives. In a 
study that compiled data from the U.S. Geological Survey’s Bird Banding Laboratory, 
81,584 saw-whet bandings showed an overall, annual southbound migration with the 
peak time of capture for different banding sites falling on later dates as the sites were 
further south (Beckett and Proudfoot 2011). While this result was not necessarily 
surprising, the data also revealed a variation in adult owl capture to juvenile owl capture 
ratios. The overall adult-to-juvenile ratio did not fluctuate based on latitude but instead 
based on individual station (Beckett and Proudfoot). The study also discovered that of 
owls recaptured at the same latitude they were banded, 72% were recaptured less than 
one hundred kilometers from their banding site (Beckett and Proudfoot). Similar findings 
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throughout the Appalachians, Atlantic seaboard, and Great Lakes Basin indicate that 
there may be a fixed migration route that each owl follows faithfully (Beckett and 
Proudfoot). 
Despite findings of fidelity in migration routes, the owl’s migration patterns and 
frequencies have been shown to fluctuate over the years. In one study conducted on the 
Delmarva Peninsula of Eastern Virginia from 1994 to 2000, high-volume years were 
noted to occur in 1995 and 1999 (Whalen and Watts 2002). These peak years, known as 
irruptive years, have been confirmed from the data of other sites including the Liberty 
University-run site in the Piedmont area. During the 1995 irruptive year, the Delmarva 
banding site recorded 1,002 owls (Whalen and Watts). In 1999, the other irruptive year 
during this particular study, the Delmarva site captured 700 owls (Whalen and Watts). 
During the other five years of the study, 1994, 1996, 1997, 1998, and 2000, the Delmarva 
site captured between 22 and 105 owls (Whalen and Watts). 
Irruptive years often occur every four years and are typically accompanied by 
specific, observable traits in the migrating owl population. The owls of irruptive years, 
when migration density was highest, tended to be lighter and in poorer conditions than 
their non-irruptive counterparts (Whalen and Watts 2002). These years saw a greater 
percentage of juvenile owls (82% of the captures) as compared to non-irruptive years 
where juveniles made up only 33% of captures (Whalen and Watts). Irruptive years were 
also characterized by low recapture rates (13% as compared to 35% during non-irruptive 
years) and shorter stopover lengths (Whalen and Watts). Recapture rates are 
measurements of how many owls were caught in a particular year that had been banded 
in previous years. The stopover length is the time the owl remains in the particular area 
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during that year and is measured by recapturing the same owl again within a few days of 
the first capture. The stopover length for irruptive years was around five days as 
compared to ten days for non-irruptive years (Whalen and Watts). 
These data paint a picture of young, poorly nourished owls moving quickly 
southward during irruptive years, a time when more owls are migrating than usual. From 
this, it is safe to assume that a boom in the owl population may have caused or been 
correlated to a bust in the prey populations. Starving, young owls are flocking south as 
fast as they can in an effort to beat the massive competition of other saw-whets and find 
food and habitat for the winter months. During non-irruptive years, adult owls with good 
body condition tend to stopover for longer periods of time, suggesting that the speed of 
migration is directly proportional to the density of the migration (Whalen and Watts 
2002). 
Methods and Materials 
To conduct a study of the Northern Saw-whet Owl in the central Piedmont of 
Virginia, Dr. Gene Sattler of Liberty University organized an owl-banding station in 
Campbell County. The chosen site was at the southern base of Candler Mountain on the 
premises of the Camp Hydaway recreation facility, 37 20’ 28” N, 79 09’ 17” W. The 
property is a ministry of Liberty University and was therefore free to use in this 
experiment. The camp and surrounding mountain area is home to an eastern deciduous 
wood with moderate understory vegetation. 
Deep in the woods of the camp facility, five sixty-one millimeter mist nets were 
set up in a continuous line along an east-west axis. Each of the five nets measured twelve 
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meters long and 2 meters high when fully extended. The net location is approximately 
one quarter of a mile away from the Camp Hydaway office. 
During nights when the experiment was conducted, an audio lure was set up 
directly in front of the nets to broadcast a signal into the surrounding woods. The signal 
was composed of a male saw-whet’s advertisement call. The call ran continuously with 
five-second pauses after each call and a longer, twenty-second pause after every third 
call. The use of audio lures increases owl capture rates over passing nets by anywhere 
from four to ten times (Evans 1997). In one documented test, an audio lure of this kind 
was shown to greatly increase the capture rate of Northern Saw-whet Owls from fifty-
seven owls without the lure to six hundred thirty-six with the lure (Erdman and Brinker 
1997). Studies have shown that the use of an audio lure allows the investigator to use 
fewer nets over a shorter distance of land, with the greatest number of catches occurring 
when the lure was within twelve meters of the nets (Whalen and Watts 1999). The audio 
lure system was composed of an MP3 player loaded with the male’s call hooked to an 
amplifier and speaker system. A car battery powered the apparatus. This system was 
pointed up the slope of the hill so the sound would cover the hillside and reflect back 
down the mountain. When not in use, the audio lure and all related equipment were 
stored in a plastic tub hidden near the net location. 
Once set up, the nets were left on the mountain for the duration of that year’s 
experiment. The netting was carried out during the fall from late October through early 
December. During the day, the nets were wrapped up so that nothing would be 
accidentally captured in them. On netting nights, the nets were unfurled at twilight, 
roughly one half hour to an hour after sunset. The net-check team for that particular 
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evening, typically four to five student volunteers on a rotational schedule, would wait at 
the Camp Hydaway office where the experiment was managed. Hourly, the team would 
hike out to the nets and check them with flashlights, looking for any animals or debris 
that had been caught in the nets. Leaves and twigs were removed carefully from the nets, 
and the number was documented for that particular check. Any major holes in the nets, 
caused by snagging leaves or bats flying into the nets and ripping their way out, were 
documented and either patched immediately using sewing tools stored in the audio lure 
tub or patched at the end of the night. 
If no owls had been captured at that time, the team returned to the office and 
waited for the next hourly check. However, if the net had snared an owl, the team 
immediately called Dr. Sattler and informed him of the capture. Depending on how 
tangled in the nets the owl was, the team would either untangle the bird themselves or 
wait for Dr. Sattler to arrive and extract the owl. Minor cutting to the nets was sometimes 
needed to safely and effectively remove the owl. Once freed, the owl was placed in a 
pillowcase and carried gently down the mountain to the office. If the owl was captured 
early in the night, Dr. Sattler would often wait until later in the evening to come up to 
Camp Hydaway in case more owls were caught throughout the night. 
Once the owl was brought back to the office, the analysis began. Using an 
electronic scale, the owl was weighed to the nearest tenth of a gram while still inside the 
pillowcase. Grabbing the birds securely either at the feet or around the body, the 
pillowcase was then removed and weighed separately. The weight of the empty case was 
then subtracted from the total weight obtained earlier. Wing chord length measured from 
the trunk of the body to the tip of the wing was recorded to the nearest millimeter. To 
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measure the tail length, the ruler was paced into the tail feathers until contact with the 
anterior extremity of the animal was made. The measurement, to the nearest millimeter, 
was taken from the rear to the farthest tail feather. 
Using the owl’s weight and wing length, the bird’s sex could be determined. The 
weight and wing length were plotted on a scale as seen in Figure 1. Females tend to be 
heavier and have longer wing chord lengths than males. There exists a broad range in the 
middle of the scale where an owl is unable to be definitively sexed without delving 
further into owl anatomy. Birds in this range receive an “unknown” rating. 
While this the accepted standard for quickly sexing the owls in the field, some 
who study the Northern Saw-whets do not agree that it is completely reliable. As weight 
fluctuates between meals, the small bird can be greatly affected by a single meal (Paxton 
and Watts 2008). Research indicates that recaptured “males” who were re-sexed only 
remained males 58% of the time with 14% switching completely to female (Paxton and 
watts). Females faired much better during re-sexing with 76% remaining females (Paxton 
and Watts). The sexing system may not be perfect, but it is currently one of the best tools 
for quickly assessing gender without more invasive procedures. 
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Figure 1. 
Project Owl Net’s sexing guide for Northern Saw-whet Owls based on the bird’s weight 
in grams and wing chord length in millimeters (Sattler et al 2003) 
 
To judge their age, the U.S. Fish and Wildlife Service’s wing molt criteria was 
used. The underside or ventral surface of the owl’s wings is viewed under UV light 
conditions. The UV highlights the newly molted feathers that fluoresce pink due to a 
porphryin protein in the blood of new feathers. As the bird ages, its feathers lose their 
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blood supply. After some time, non-nourished feathers fall out and are replaced with new, 
fully nourished feathers. If the pink is seen in both the primary feathers, of which there 
are 10, and secondary feathers, of which there are thirteen, then all of the feathers are 
new which indicates that the bird was born during that year. A bird born the same year it 
is caught is called a hatch year bird (HY). If the pink is scattered among the feathers with 
breaks of non-pink feathers in between, then there are old and new feathers present. A 
bird matching this description was born in a year previous to the year it was caught and is 
called an after hatch year bird (AHY). There may be some, as of yet unknown, patterns to 
the molting of owls at different ages, so the presence or absence of pink is recorded for 
each individual feather. 
The last step involves banding the bird. The U.S. Fish and Wildlife Service 
provides licensed owl catchers with special aluminum bands. Each band has a unique 
tracking number that can be traced to the net station where it was banded. From there, 
information about the specific owl can be attained. The band fits securely around the 
bird’s tarsus and is strong enough that the owl cannot rip the band off with its beak. It is 
important to fully close the band around the foot as loose edges can get snagged and 
either harm or trap the individual. The band should be able to slide around on the tarsus 
with ease but should not be loose enough to slip off the foot. No feathers should be 
caught in the clamped band or the owl may suffer pain or injury. 
Once the owls were processed, they were placed in a pet carrier and left outside in 
the dark for several minutes while their eyes readjusted to the darkness. They were then 
released back into the wild. Dr. Sattler observed them immediately following their release 
in order to be sure that the birds were not hurt or too disoriented to function. The birds 
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were carefully handled throughout the entire experience with the recognition that this was 
a stressful ordeal for them. 
Results 
The objective of the experiment was to analyze the saw-whet’s migration 
dynamics through the inner Piedmont of central Virginia, the mountains of the Blue 
Ridge, and the coastal plain of Virginia. Differences in migration patterns were compared 
according to volume, timing, age, and gender from late October until early December 
during 2002-2007 and 2012. 
The collected data were initially analyzed and tested for normality. Sex and age 
data were normally distributed and could therefore be analyzed further with t-tests. The 
timing of the migration was not normally distributed. As such, a t-test would not have 
been an appropriate method for further analyzing timing. A non-parametric test, the 
Mann-Whitney U, was conducted on the timing of the migration. 
Volume 
As seen in Table 1, throughout this multi-year study, the nets were set up between 
twenty-one and forty-seven nights each year in the Piedmont. During this time, the 
number of new owls seen each year fluctuated between seven and one hundred one. The 
nets were set up earliest in 2007 on the 20th of October. The latest the nets were kept open 
was December 15th during the 2012 season. 
Over the course of the experiment in the Piedmont, the ratio of owls caught to 
nights the nets were in place fluctuated between 0.2 and 2.6. Likewise, the ratio of owls 
caught to every one hundred net hours varied from 0.9 to 12. 
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After 2004, student volunteers began participating in the study, resulting in an 
increase in trap nights. 
No real pattern has been determined
2007 and 2012 with a smaller peak in 2004
data from the Delmarva Peninsula in 1995 and 1999, should be occurring in 2003, 2007, 
and 2011. Two years, 2005 and 2006, displayed unusually low capture rates 
and twelve owls respectively.
The data for 2007 are
high, the number of owls per trap nights and the number of owls per 100 net hours does 
not reflect this increase. This discrepancy is due to
compared to other years. Nights at the beginning and end of the season showed few owl 
captures and depressed the overall capture rate for the season.
Table 1 
Trapping Effort and Capture Results of Northern Saw
Piedmont of Virginia, 2002
 Table 2 takes a closer look at the owl netting setup in the mountains. Here, nets 
were opened anywhere between twelve to twenty
 
, but the peak years for this area appear 
. Of note is that irruptive years, based on the 
 
 somewhat misleading. While the number of new owls is 
 the large number of nights covered as 
 
-whet Owl Mist Netting in the 
-2007 and 2012 
-nine nights during the fall migration. 
16 
to be 
with seven 
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The earliest opening was the 21
nets stayed open was on December 9, 2013.
The number of new owls is substantially higher here for every year of the stu
compared to the Piedmont. Like in the Piedmont, 2007
site during the study. 2004 shows more of a peak in the mountains than it did in the 
Piedmont. Unlike the Piedmont, the mountains did not suffer a decrease in the number of 
new owls during the 2005 and 2006 seasons.
Table 2 
Trapping Effort and Capture Results of Northern Saw
Mountains of Virginia, 2002
Table 3 examines owl netting in the coastal plain where the nets were opened 
between thirty-seven and forty
October 22, 2004. The latest the nets were open was December 15
2007. Of the three, this station is the most consistent with the number of trap nights and 
timing of the setup each year. This is also t
as the net hours are consistently ranking in seven to eight thousands while Piedmont net 
hours range from the five hundreds to the low thousands and mountain net hours are from 
 
st
 of October during the 2012 season while the latest the 
 
 and 2012 are peak years for this 
 
-whet Owl Mist Netting in the 
-2007 and 2012  
-seven nights per year. The earliest date of net opening was 
th
 for all years except 
he biggest owl-netting operation of the three 
17 
dy as 
 
SAW-WHET OWLS 
 
the two hundreds to the seven hun
more nets than either of the other two stations 
Because of this, the coastal station shows captures of twice as many owls as the 
mountains and three times or
the number of owls per 100 net hours, the Piedmont is typically three to four times higher 
than the coastal station. The mountains are by far the station with the highest capture rate 
as its rates were at least three times higher than the Piedmont and six to twelve times 
higher than the coastal plains.
 The peak years for this station are 2007 and 2012, which corresponds with the 
other stations. The coastal plain shows slow years during the 2005 and 2006
record low numbers of new owls. 
Table 3 
Trapping Effort and Capture Results of Northern Saw
Coastal Plain of Virginia, 2002
Timing 
Table 4 shows a very interesting trend that may tie into the high
hours” values that are seen exclusively in the mountain data. The median migration date 
 
dreds. This means that the coastal plain is 
and is operating every night of the season. 
 more owls than the Piedmont. However, when examining 
 
 
-whet Owl Mist Netting in the 
-2007 and 2012 
 “owls/100 net 
18 
using many 
 seasons with 
 
SAW-WHET OWLS 
 
is the night during the migration when half of the owls that will be caught for that year 
have already been caught. 
November 1st and 7th, medium, between November 8
November 15th and 30th. This date can only be calculated once the netting season is over; 
however, it provides an interesting look into when the peak of migration occurs at each 
station. The mountain station’s median date is either 
Piedmont station’s date. The coastal station is 
days behind the Piedmont station.
The mountain site consistently documented early 
2007, medium dates for 2003, 2005, and 2012, and a late date in
likewise registered medium dates except during the 2003 and 2006 seasons. The coastal 
plain was exclusively medium and late dates with its lowest dates occurring during the 
2004 and 2007 seasons. 
Table 4 
Median Fall Migration Dates for 2002
Regions of Virginia 
 Table 5 shows the results of Mann
timing of the owl migration between years in the Piedmont from 2002 to 2007 and 2012. 
The results correspond with 
from each other, 2002, 2004, 2005, 2007, and 2012. 2003 varied significantly from all 
other dates except 2005. 2006 varied from all other dates, including 2003. These two 
years were abnormally lat
 
Dates can be characterized as happening early, between 
th
 and 14th, or late, between 
close to or a few days before the 
always playing catch-up by being a few 
 
dates during 2002, 2004, and 
 2006. Th
-2007 and 2012 for the Three Physiographic 
-Whitney U significance tests comparing the 
Table 4, showing five moderate years with little difference 
er than the rest of the Piedmont dates. 
19 
e Piedmont 
 
SAW-WHET OWLS 
 
Table 5 
Significance Values from Mann
Piedmont of Virginia, 2002
Table 6 displays the results of Mann
timing of the migration between years through the mountains from 2002 to 2007 and 
2012. The dates were not significantly different among like ranges. The early dates of 
2002, 2004, and 2007 were not significantly different from each other yet were 
significantly different from all other years. The medium dates of 2003 and 2005 were not 
significantly different from each other but were significantly different from all other 
dates. Despite being a medium date, 2012 was significantly different from 2003 and 
2005. 
Table 6 
Significance Values from Mann
Mountains of Virginia, 2002
Table 7 shows the Mann
the timing of the migration through the coastal plain between 2002 and 2007 and 2012. 
The dates were all significantly different from each other with the exception of six 
 
-Whitney U Tests Comparing Migration Timing for the 
-2007 and 2012 
-Whitney U significance tests comparing the 
-Whitney U Tests Comparing Migration Timing for the 
-2007 and 2012 
-Whitney U significance test results for a comparison of 
20 
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comparisons. Two thousand two
Two thousand three and 2006 were not significantly different from each other. 
thousand five did not differ significantly from either 2007 or 2012. Of those six non
significant pairs, four had sign
2012, 2005-2007, and 2005
Table 7 
Significance Values from Mann
Coastal Plains of Virginia, 2002
Table 4 showed that migratio
migration moves from the West in the mountains to the East on the coastal plain. Table 8 
reinforces this trend by showing that the timing of the migration was always significantly 
different between the mountains and the coast for all years except 2006. 2006 had a 
record low number of new owls caught at the coastal station with
created an issue with sample size that likely explains the anomaly.
The Piedmont likewise suffered two years of sm
seven owls captured, and 2006, twelve owls captured. These two years were not 
significantly different from either of the other two sites because of the small sample.
During peak years, the Piedmont tends to align with one stati
2004 and 2007, the Piedmont was not significantly different from the coastal station. 
During the 2012 season, the mountain station and Piedmont station were not significantly 
 
 did not significantly differ from 2003, 2005, or 2012. 
ificance values of less than ten percent, 2002
-2012. 
-Whitney U Tests Comparing Migration Timing for the 
-2007 and 2012 
n dates appear to move from earlier to later as the 
 twenty-
 
all sample size during 2005, 
on over the other. In 
21 
Two 
-
-2003, 2002-
 
one. This 
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different. During the non-
significantly different from the other two stations.
Table 8 
Significance Values from Mann
Physiographic Regions of Virginia, 2002
Sex Ratios 
Table 9 focuses on differentiating the captured owls by sex. During 
study in the Piedmont, it was shown that male birds never amounted to more than 10% 
the owls that were captured 
was only 6.1%. Females accounted for at least 60% of the owls captured in every year 
that the experiment was conducted
remaining owls, ranging from 15.4%
were unable to be distinguished as either males or females and 
“unknown.” 
 
peak and non-slump years of 2002 and 2003, the Piedmont was 
 
-Whitney U Tests Comparing Migration Timing for Three 
-2007 and 2012 
in any given year and that the overall average for all years 
 and averaged 72.2% across the whole study
-28.8% of the total captured in any particular year, 
were so classified as 
22 
 
Liberty’s 
of 
. The 
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 These data hold true for the mountain station as well. On average for the whole 
study, only 4.6% of the captu
“unknown” owls account for about 10.8
 It is interesting to note that the average percentage of females captured at each 
station decreases as one moves eastward across the state. The coastal plain registers only 
58.5% of its captured owls as females whil
at 16%, three to four times the number of males netted at the other two stations
 The proportion of females captured at each site varied significantly from the other 
sites. However, the proportion of males captured varies significantly only between the 
coastal and the Piedmont, 
(12) = 8.22, p < 0.001. The proportion of males did not vary significantly between the 
Piedmont and the mountains, t (12) = 0.71, p = 0.49.
Table 9 
Average Percentages of Male and Female Owls Reported for the Three Physiographic 
Regions of Virginia 
Age Ratios 
For all three sites, the first five years of the study showed l
hatch year birds than after hatch year
birds increase at all stations.
The focus of Table 10
captured at the Piedmont site
 
red owls were males while over 80% were females. The 
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e also netting the largest percentage of males 
t (12) = 6.66, p < 0.001, and the coastal and the mountains
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the majority of the owls that were capt
30% of the total capture from 2002 to 2006. 
that there were a higher percentage of HY birds
Nearly 60% of the captured birds were HY during these two invasion years.
Table 10 
Number (and Percent) of Juvenile (HY) and Adult (AH
Virginia, 2002-2007 and 2012
In the mountains, the s
in the Piedmont as seen in Table 11. From 2002 until 2006, AHY birds were the clear 
majority, dominating at least 5
2012, the population flips and juvenile HY birds become the majority with 54
and 57.6% in 2012.  
 
 
 
 
 
 
 
 
 
 
 
 
ured were AHY birds. HY birds were less than 
In 2007 and 2012, the majority switched so 
 caught as compared to AHY birds.
Y) Owls for the Piedmont of 
 
aw-whet population is behaving similarly to the population 
7% while HY birds represented less than 37%
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Table 11 
Number (and Percent) of Juvenile (HY) and Adult (AHY) Owls for the 
Virginia, 2002-2007 and 2012
The data for the coastal plains presented in Table 12 
invasion years, the HY birds were more dominant than in the mountains and Piedmont. 
During the stretch from 2003 to 2005, HY birds 
percentage being in 2005, 76%. During invasion years
jumped to over 80%. AHY birds were only a majority 
a year with a small sampling size.
Table 12 
Number (and Percent) of Juvenile (HY) and Adult (AHY) Owls for the 
Virginia, 2002-2007 and 2012
 
Mountains
 
shows that even during non
accounted for a majority with the highest 
, the proportion of HY birds 
in 2002 and 2006, with 2006 being 
 
Coastal Plains
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Discussion 
Volume 
 From the data, a clear difference can be seen in owl captures across the state. The 
owl capture rates are highest in the mountains, lower in the Piedmont, and lowest on the 
coastal plain. These differences in capture rates may represent differences in migration 
patterns, with owls choosing to migrate through the mountains more than through the 
Piedmont or coastal plains (Rasmussen et al 2008). The saw-whets tend to prefer heavier 
leaf cover as they choose habitat and migrate through an area. It would reason that the 
owls, seeking the denser leaf cover of a forest, would migrate more through the 
mountains than through the coastal plains. The higher volume in the Piedmont as 
compared to the coastal plains could involve a combined higher level of leaf cover and a 
gradual altering of course from the mountain migration route to the Piedmont. However, 
other factors may play into the differences in capture rates such as the coastal site using 
more nets, operating nightly, and being more focused on the recapture of previously-
banded owls than the other two stations. 
 The coastal plains site uses more nets than the mountain and Piedmont sites and 
spreads the nets out over three different capture sites within ten square kilometers. 
Despite the coastal site’s higher owl capture numbers; because of the larger number of 
nets, the capture rates are lower. 
The coastal plains site also operates the nets every night from the opening date to 
the closing date while the mountains and Piedmont sites only operate approximately half 
of the nights during the season. The larger number of active nights depresses the coastal 
site’s owls per night value. The coastal plains are capable of running a constant netting 
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operation because of their larger staff. The Piedmont site was able to run continuously in 
recent years due to an influx of student volunteers, but had to run non-continuous 
banding operations before 2005. The mountains site also suffers from short-handedness, 
which results in non-continuous banding operations. The Piedmont and mountain sites 
typically concentrate their banding efforts on nights and time periods when owl captures 
will be most likely. This concentrated effort inflates their capture rates as compared to the 
coastal plains. 
The three net groups of the coastal plains are set up to recapture birds and study 
the owl’s stopover time, or the amount of time the bird will linger in the area during a 
migration. This focus on stopover time eliminates a substantial amount of owl captures 
from being counted in the new owl capture statistics. 
The owls may very well prefer the mountains to the coastal plains as seen in 
similar reports of saw-whet migrations in Maryland; however, with so many other factors 
affecting the owl capture rates, it is impossible to be sure (Brinker et al 1997). 
Timing 
 The data indicate a clear pattern with regard to the timing of the saw-whet 
migration. The mountains experience the migration first, followed by the Piedmont, and 
ending with the coastal plains. This pattern appears to be most connected with climate 
differences between the three sites. The coastal plains remain moderate in temperature 
and climate longer than the inland sites. The owls could be sensing the change in 
temperatures that drops first in the mountains then moves toward the ocean. The drop 
could signal the arrival of winter and encourage the owls to move south. 
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 The owls could also be responding to changes that accompany the temperature 
drop, not the temperature change itself. With the temperature decrease comes leaf drop. 
The saw-whets prefer heavier leaf cover for a habitat and would be more encouraged to 
leave a location if the leaves were beginning to fall quickly in that area. As the 
temperatures drop first in the mountains, the leaves begin to fall. As the temperature drop 
sweeps eastward across the state, so too does the leaf fall move towards the ocean. 
 Climate could also explain the timing variation seen between years. The 2003 
data show a delay in the migration from 2002 across all three stations. This could be 
evidence of 2003 being a more moderate fall and winter season than the previous year. 
 Interestingly, research also suggests that the phases of the moon may influence 
saw-whet migration and movement as well. The owls have been shown to be much less 
active during full moon and new moon times (Speicher et al 2011). Speculations suggest 
that the owls may be trying to avoid predation when the full moon light would show them 
too clearly and may have trouble seeing in the complete darkness of a new moon 
(Speicher et al). 
Sex Ratios 
 As previously acknowledged, the majority of owls captured in the study across all 
North American stations are female (Rasmussen et al 2008, Smith et al 2012). Previously, 
this has been reported as a longitudinal difference in distribution with males inhabiting 
more Northern territories while females are predominate in the South (Brinker et al 
1997). However, larger scale analyses of data and owl behaviors suggest a more 
complicated pattern of differential migration (Beckett and Proudfoot 2012). 
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  In other bird species, age and sex differences affect the degree to which an 
individual bird may be forced to migrate. Typically, younger birds and female birds are 
forced to travel farther south than older birds or male birds. The same pattern could be 
present in the saw-whets where males maintain a certain level of dominance over the 
females, forcing them to migrate farther while remaining closer to the Northern breeding 
habitats (Brittain et al 2009). 
 Another possible theory involves the use of the audio lure. While the audio lure is 
helpful in attracting owls, it can also create bias in the findings (Erdman and Brinker 
1997, Whalen and Watts 1999). The lure uses the sound of a male mating call. This type 
of call could potentially attract owls of both gender but would likely be more appealing to 
females than to males. In a study, it was shown that 65% of owl captures were female 
without the use of the lure while 80% of captures were female when the lure was used 
(Duffy and Matheny 1997). The lure likely does inflate the percentage of females 
captured, but it is worth noting that female captures were still higher even without the 
lure. 
 Aside from gender differences in the overall migration, the individual sites 
showed variation in captures based on the sex of the owl. The coastal site regularly 
captured more males than either of the other two sites. This alludes to a possible 
difference between genders as to which habitat is best to migrate through, with males 
appearing to prefer the coast while females migrate more consistently through the 
mountains (Beckett and Proudfoot 2012). This sexual selection of migration routes 
demonstrates no conclusive patterns as of yet. 
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Age Ratios 
 Tables 10-12 showed a clear pattern for age distributions during migrations. 
During non-invasion years, 2002-2006, most captured owls were adults or AHY birds. 
During the two invasion years studied, 2007 and 2012, the greater number of owls 
brought a larger proportion of juvenile or HY birds. This difference is most evident in the 
mountains and Piedmont where the majority switches during invasion years. At the 
coastal plain, the HY birds maintain a majority in three non-invasion years with the 
invasion years showing a spike in the majority dominance. The increase in HY birds 
during times of increased migration or invasion years is common (Rasmussen et al 2008). 
 The presence of large percentages of juvenile owls suggests that the owls had a 
successful reproductive season preceding the migratory invasion (Cote et al 2007, 
Bowman et al 2009). This reproductive boom likely coincided with a healthy primary 
prey population, such as red-backed voles (Cote et al, Bowman et al). 
 With the increased number of hatchlings comes a pressure on the environment to 
sustain the new birds. The HY owls will likely force each other to spread out and away 
from the nest sites in an effort to find more resources to sustain them. With the 
population boom will come a prey crash. This spreading-out behavior combined with the 
prey crash could potentially be the cause for the invasion during the migratory season 
(Whalen et al 1997, Marks and Doremus 2000, Frye 2012). 
Conclusion 
From all of the data presented and the myriad number of hypotheses seeking to 
confirm and explain them, it is clear that the migration pattern of the Northern Saw-whet 
Owl is anything but simple. It is a complicated process relying on many different 
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variables from temperature fluctuations, to prey population levels, to the number of 
hatchlings produced in a given year, and all of these variables are in constant interaction 
with each other. On top of all of this, scientists must concern themselves with whether or 
not the tools they are using to measure this complex system are interfering with that very 
same system. 
Despite how common the saw-whet is throughout North America, it remains 
elusive and poorly understood. Studies like the ones conducted at Liberty University have 
added greatly to the scientific community’s knowledge of the bird. Before banding began 
in the Piedmont, only two sightings of the bird were ever made in Lynchburg (Sattler et 
al 2003). In the end, it must be understood that the saw-whet is a creature with an 
exceptionally unique and beautiful pattern of life that can and should be carefully studied 
and respected, while at the same time realizing that the answers to so many of the 
questions still surrounding its life may not always be so easy to uncover. 
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